unexplored. Studies of competition in stream fish, with few exceptions (e.g. Fausch and White 1981 , Fausch 1984 , Resetarits 1995a A previous study (Resetarits 1995a ) examined the relative effects of intra-and interspecific competition (including competition from the fantail darter, Etheostoma flabellare) on the mottled sculpin, Cottus bairdi, in order to assay the role of morphological similarity in the strength of competitive interactions. The strength of competitive effects on C. bairdi were not correlated with morphological similarity (Resetarits 1995a ). Field sampling in streams of the James River drainage in western Virginia, USA revealed that juveniles and small adults (hereafter referred to as juveniles) of these two species were abundant in the same habitats as larger adults, suggesting both the potential for interspecific competition among juveniles and possible interspecific interactions between juveniles and adults.
The juvenile stage of fish may be particularly important in population dynamics because generalized habitat and resource use enhances the possibilities for juvenile bottlenecks that are intensified by interspecific competition (Werner 1986 , Persson 1988 ). This paper expands on previous work (Resetarits 1995a ) to focus on the effects of interspecific competition from both juveniles and adults on the juvenile stage of these two species (C. bairdi and E. flabellare) and further explores aspects of competitive interactions among stream fish. I directly manipulated the competitive environment in replicated experimental streams and measured competition via effects on growth, condition, and survival. (Lee 1980) . These two species are the numerically dominant benthic fish in lower elevation headwater streams in the James River drainage near Mountain Lake Biological Station (MLBS), western Virginia, USA. Juveniles and adults of both of these species reach high local densities (> 10 m-2) in Craig Creek and other local streams, and are the only benthic fish common in upper Craig Creek from ca 480 m to the source at ca 650 m, a distance of ca 20 km (pers. obs.). Adults and juveniles in Craig Creek occupy habitats ranging from riffles to quiet backwaters (pers. obs.).
Materials and methods

Experimental stream system
The experiment was conducted in an array of 20 replicate experimental streams constructed below a large (ca 1 ha), spring-fed pond at MLBS. No fish occur in the creek feeding into the pond or elsewhere on MLBS, so the pond is permanently fish free.
Artificial streams were modelled after an earlier design (Resetarits 1991 (Resetarits , 1995b ) and modified specifically for studying benthic stream fish (Resetarits 1995a ). Experimental design I used a randomized complete block, incomplete factorial design (see Fig. 1 ) partially crossing the presence/ absence of juvenile C. bairdi (0 and 10 animals) (densities 0/m2 and ca 5/m2) with the presence/absence of juvenile E. flabellare (0 and 12 animals) (densities 0/m2 and ca 6/m2); the absence x absence (0 x 0) treatment was excluded. A third treatment was represented for each species; to streams with 12 E. flabellare I added three adult C. bairdi, and to streams containing 10 C. bairdi I added three adult E. flabellare. The five treatments were replicated once within each of four blocks (20 total units). Blocks consisted of the closest possible arrangement of five streams in the array. Treatments were assigned randomly within each block. All animals were weighed to the nearest 0.05 g, measured (total length [TL]) to the nearest 1.0 mm and assigned individually to numbered containers. They were then divided into size classes and an appropriate number of stratified random sets were generated; 12 each for juvenile C. bairdi and E. flabellare, and four each for adults of both species. Treatments were then randomly assigned to streams within blocks and sets of animals were randomly assigned to treatments within blocks. All animals The experiment began with addition of juvenile C. bairdi to blocks 1 and 2 on 7 June and blocks 3 and 4 on 10 June, juvenile E. flabellare to blocks 1 and 2 on 8 June and blocks 3 and 4 on 9 June, adult C. bairdi to all blocks on 11 June, and adult E. flabellare to all blocks on 12 June. The experiment was terminated with removal of all surviving fish on 12-15 August, after 60 d. The evening of 12 August the water was turned off and one block each night through 15 August was searched repeatedly using headlamps until no fish were collected in a full sweep of that block. Fish were held in aquaria and were weighed, measured, and preserved in 10% formalin within 24 h of removal. Streams were treated with 1.5 ml of rotenone on 15 August and the fish collected (<5% of total) processed (as above) within two h. All surviving animals were thus removed and processed by 16 August.
Statistical analysis
Response variables for both C. bairdi and E. fiabellare were survival, growth, and deviation in relative condi-OIKOS 78:3 (1997) tion. Survival was angularly transformed before analysis. Growth was measured as both mean final TL and mean final mass; growth was based on overall stream means because individuals were not marked due to concerns over handling stress. Deviation in relative condition was the difference between the actual final mass for a given individual and the predicted mass based on mass/length regressions from the original samples of 307 E. flabellare and 314 C. bairdi that supplied experimental animals. A mean for each variable was calculated for each experimental stream and formed the units of analysis.
Survival and condition were analyzed by analysis of variance (ANOVA), and growth (mean final TL and mean final mass) was analyzed using analysis of covariance (ANCOVA) with mean initial TL as the covariate. Hypothesis testing used a priori contrasts. All ANOVA-based analyses were done within the PROC GLM procedure of PC-SAS (version 6.03, SAS Institute 1988) and used Type III sums of squares. Other data analysis used the Statgraphics system (version 3.0, Statistical Graphics Corporation 1988).
Specific hypotheses were tested using three nonorthogonal a priori contrasts testing three null hypotheses (see Fig. 2c ). There was no effect of E. flabellare on relative condition (Table 1, Fig. 2d) . Juvenile E. flabellare (Contrast 2) had a significant negative effect on mean final TL (F15 = 7.23, p = 0.043, Table 1 , Fig. 2b) , and a nearly significant negative effect on mean final mass (F15 = 6.01, p = 0.058, Table   1 , Fig. 2c) . Juvenile E. flabellare had no effect on survival (Table 1, Fig. 2a Fig. 2c) . Adult E. flabellare had no effect on relative condition (Table 1, Fig. 2d) .
These results provide evidence to reject the null hypothesis from Contrast 1, that E. flabellare have no effect on C. bairdi, as well as evidence to reject the null hypothesis from Contrast 2, that juvenile E. flabellare have no effect on juvenile C. bairdi. Similarly, we reject the null hypothesis for Contrast 3, no effect of adult E. flabellare, because they had a positive effect on the survival and possibly a negative effect on growth of juvenile C. bairdi, though the latter was not significant.
Responses of E. flabellare
Survival was moderately high for juvenile E. flabellare in all treatments, (mean = 0.58) ranging from 0.52 to 0.65 (Fig. 3a) . The results from a priori contrasts are as follows (see Statistical Analysis above and Fig. 1 Table 2 , Fig. 3d ). Adults themselves (Contrast 3) had no effect on relative condition. Evidence to reject the null hypothesis of no interaction between the two species (from the perpective of E. flabellare) comes strictly from the effect of juvenile C. bairdi on relative condition of juvenile E. flabellare.
Patterns of response to interspecific competition
The clearest result is that juveniles of the two species compete with one another at realistic densities, and competition was detected using ecological variables potentially related to population dynamics. Juveniles of the two species, however, responded to interspecific competition in strikingly different ways. Mass/length regressions for C. bairdi alone and C. bairdi with juvenile E. flabellare were virtually identical (t = 0.613, p > 0.05, two-tailed test for homogeneity of slopes, Fig. 4a) , and fell below the regression line based on the field sample. There was no difference between the condition of C. bairdi alone and with juvenile E. flabellare; juvenile C. bairdi responded to competition from juvenile E. flabellare by decreasing their growth in terms of both mass and TL.
In contrast, juvenile E. flabellare responded to competition from juvenile C. bairdi with a decline in condition relative to E. flabellare raised alone. These individual differences translate into significantly different mass/length regressions for juvenile E. flabellare in the presence of C. bairdi and juvenile E. flabellare alone (t = 4.73, p < 0.001, two-tailed test for homogeneity of slopes, Fig. 4b 
Table 1. ANOVAs and ANCOVAs for the responses of juvenile C. bairdi. A priori contrasts test the following null hypotheses:
1) no effect of E. flabellare, 2) no effect of juvenile E. flabellare, 3) no effect of adult E. flabellare. Survival values were arcsine square root transformed before analysis. Perhaps the most interesting result of this experiment is that the effects of competition manifested themselves differently in the two species. Juvenile C. bairdi responded to juvenile E. flabellare with decreased growth in both length and mass, but no variation in relative condition or survival, while juvenile E. flabellare responded to juvenile C. bairdi with a decrease in relative condition, but no variation in either growth or survival. Detecting responses to competition in both species was highly dependent on choosing the appropriate response variables, and the qualitative asymmetry detected focuses attention on an intriguing issue. Both are negative responses to competitors, clearly fitting the pattern of -/-interactions that classically defines competition. However, it is difficult to judge the potential symmetry, since the responding variables were qualitatively different, and have associated with them different levels of potential reproductive cost. At the simplest level (from an ecological perspective), these may be their characteristic initial responses to reduced energy, reflecting differences in their respective developmental programs. Juvenile E. flabellare may preferentially allocate resources into increased length, while juvenile C. bairdi may require a tighter balance between length and mass. Alternatively, the two responses may be hierarchical, with decreased length-specific mass (condition) preceding decreased growth in length. Although the proximate causes and the ultimate consequences of the different response patterns are unknown, both responses can affect reproductive output. Until we can translate those responses into the common currency of population growth rate, the qualitative asymmetry prevents our assessing the relative intensity of competition experienced by the two species and the potential for quantitative asymmetry.
ANOVA of survival
Determining the relative intensity of intra-versus interspecific competition (Gause 1934 ) and the symmetry of competitive interactions (Aarssen 1983 ) are critical to determining the potential for competitive exclusion, and hence, for understanding the role of competition in species coexistence, species diversity and community structure (Aarssen 1983 , Connell 1983 Table 2 . ANOVAs and ANCOVAs for the responses of juvenile E. flabellare. A priori contrasts test the following null hypotheses: 1) no effect of C. bairdi, 2) no effect of juvenile C. bairdi, 3) no effect of adult C. bairdi. Survival values were arcsine square root transformed before analysis. For example, in a study of competition between larvae of two species of salamander, the two were declared competitive equals because the strength of intra-and interspecific competition were equivalent for individuals of both species (Fauth et al. 1990 ). The effects of intra-and interspecific competition on individuals were equal, leading to the assumption that effects on populations were equal. This often necessary assumption is rendered far more problematic by a clear qualitative asymmetry; larval sirens, Siren intermedia, Understanding the role of competition in natural communities remains a difficult task that requires a plurality of approaches. Artificial communities are especially useful tools with which to study species interactions in habitats and species assemblages which are difficult to manipulate (such as streams and stream fish) but may harbor a wealth of information on the nature of ecological processes. The demonstration of ecological processes in artificial communities can delineate the potential interactions in their natural models, and describe the potential range of responses to those processes (Morin 1997, Resetarits and Fauth 1997) . The demonstration of competitive interactions between juveniles of C. bairdi and E. flabellare, along with the positive effect of adult E. flabellare on juvenile C. bairdi, suggest that interactions between these species are potentially complex and may play an important role in the population dynamics of both species. Similarly, the demonstration of qualitative asymmetry in the competitive interactions suggests differences in the responses we might expect in natural communities, and draws attention to a widespread issue that has been largely overlooked but is critical to our understanding the dynamics of competitive interactions.
